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Abstract  
 
The broad-snouted caiman Caiman latirostris, of South America mostly frequents 
freshwater but occurs also in estuaries. Nothing of substance is known of its 
osmoregulatory physiology but, in the light of accumulating evidence that alligatorids lack 
specialised adaptations for life in hyperosmotic waters, we anticipated its physiology would 
be more similar to that of Alligator mississippiensis than the euryhaline Crocodylus 
porosus, which has both lingual salt glands and a more complex renal:cloacal system. This 
proved to be the case. Caiman captured in estuaries of the Ilha do Cardoso in southern 
Brazil were effective hypoosmotic osmoregulators in salinities of 0-24 ppt (seawater = 35 
ppt). Plasma osmolarity, sodium and chloride were similar to those in other crocodilians 
and not influenced by salinity. Plasma urea was low and did not vary with salinity. We 
found no evidence of lingual or other salt glands. Urinary electrolyte concentrations varied 
considerably with salinity and in ways reminiscent of A. mississippiensis but very different 
from C. porosus. 
 
Ca. latirostris dehydrated in seawater more rapidly than C. porosus and had 
substantially higher integumental permeability to water. Caiman did not drink seawater but 
rehydrated rapidly when returned to freshwater (FW). We found small caiman (< 500 g) 
only in very low salinities (< 3 ppt) and larger caiman closer to the sea. We postulate that 
medium to large Ca. latirostris can take advantage of the feeding opportunities presented 
by the estuarine mangal despite lacking the physiological specialisations of crocodylids. 
Two individuals which we re-sighted by chance had traveled at least 600m in 2-3 days, 
showing that every caiman we captured or saw was within easy reach of FW. Most likely 
their habitation of the estuary and its mangal is achieved through a combination of low 
surface area:volume ratio, relatively impermeable skin, and periodic access to FW. 
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Abbreviations BW body weight - CF condition factor - EWL evaporative water loss - FW freshwater SW 
saltwater - U/P urine/plasma ratio 
Introduction 
 
Within the Crocodylia, the two main families Alligatoridae and Crocodylidae, have 
conspicuously different abilities to cope with saline habitats (see review by Taplin 1988). 
This difference appears to be linked to several features of their physiology, most 
significantly the presence of lingual salt excreting glands in all of the Crocodylidae 
examined thus far and their apparent absence from the Alligatoridae (Taplin and Grigg 
1981, Taplin et al. 1985), and also to distinct differences between the two groups regarding 
the role of the cloaca as a secondary processing station for urine (Pidcock et al. 1997; 
Kuchel and Franklin 1998). Crocodylids also appear to experience lower evaporative water 
loss (EWL) and diffusional and osmotic water exchange across the skin, although the data 
are limited so far (Taplin 1988). 
 
Given their physiological equipment, it is no surprise that many of the crocodylids are 
quite competent in salt water (SW). Most work on crocodiles has focused on Crocodylus 
porosus, Australia's so-called "estuarine" or "salt water crocodile", which can maintain 
plasma homeostasis and grow over a salinity range from zero to over 60 ppt (Grigg 1981; 
Taplin 1984, Taplin 1985, Grigg et al. 1986). The American Crocodile C. acutus, is also 
conspicuously estuarine/marine, although the physiological basis for its tolerance of SW is 
subject to debate (Taplin et al. 1982, Dunson 1982, Dunson and Mazotti 1988). Most 
crocodiles, however, are thought of as typically freshwater (FW) in their distribution, al-
though a closer look shows that more are associated with estuarine habitats than is usually 
recognised (see review by Taplin 1988). The Nile Crocodile C. niloticus, is not uncommon 
in saline waters and has functional salt glands even in FW (Taplin and Loveridge, 1988). 
Australia's so-called "freshwater crocodile" similarly has functional salt glands which play 
an important role in the maintenance of plasma homeostasis in waters of 0-24 ppt in 
estuarine habitats (Taplin et al. 1993). 
 
In contrast, available knowledge of the physiology of Alligatoridae suggests very little 
estuarine or marine capability. Lauren (1985) found Alligator mississippiensis to be a 
poor performer in SW, with small individuals dying in 2 weeks at 20 ppt, having elevated 
plasma Na, K and Cl. Toleration of 5 ppt was possible for long periods, but at 10 ppt a 
rise in plasma osmolytes could not be prevented. 
 
Despite their apparent physiological limitations, however, a number of alligatorid 
species are found in estuarine situations (see review by Taplin 1988). A. mississippiensis 
is common in brackish water adjacent to FW but is rarely seen in the sea, and is known to 
die on the Gulf of Mexico coast of the USA following marine incursions associated with 
storm surges (see review by Mazotti and Dunson 1989). Natural history reports, however, 
suggest that some species of caiman are more estuarine in their habits than A. 
mississippiensis. Two subspecies of Caiman crocodilus, Ca. c. crocodilus and Ca. c. 
fuscus, are said to be common in brackish and SW, and are found on offshore islands. Ca. 
latirostris is also reported to be common in coastal SW (Medem 1981; Brazaitis cit. 
Groombridge 1982). There has, however, been no osmoregulatory study of Caiman in 
brackish or SW. 
 
We resolved to examine a population of Ca. latirostris living in coastal salt waterways 
on Ilha do Cardoso in southern Brazil. Ca. latirostris is known to occur in good numbers 
in both headwaters and estuarine reaches of both the Rio Pereque at the northern end of 
the island and the extensive waterway of the Rio Jacareu at the southern end (Fig. 1). 
Specifically we wanted to know the pattern of their association with SW, whether they are 
found in hyperosmotic salinities, whether they maintain osmotic homeostasis, and if so, 
by what mechanism/s this might be achieved. Additionally, Taplin (1988) had drawn 
attention to the need for examination of an alligatorid living in saline habitat to determine 
whether or not there is a differentiation of functional salt glands in response to salt 
exposure. At least one estuarine reptile, Malaclemys terrapin, accumulates urea in the 
plasma on exposure to high salinities (Dunson 1970); therefore we investigated that 
possibility also. 
 
Materials and methods 
 
Ilha do Cardoso (25°7'S, 47°57'W) is a barrier island at the southern end of an extensive 
estuarine lagoon system which extends from Iguape, 100 km to the north. With no large 
rivers entering it, the system is relatively saline. The climate is humid megathermic with an 
annual rainfall of 2250 mm at Cananeia, on the adjacent mainland. After high rainfall the 
system may become temporarily stratified in salinity, but this dissipates rapidly due to tidal 
flushing and wind. The island comprises a central granitic massif of steep slopes and 
Atlantic rainforest surrounded by a plain of Pleistocene and Holocene sands supporting a 
closed forest ("restinga") which becomes a shrubland on the more recent sands. The riparian 
vegetation is often dense and grades into mangrove in the tidal portions of the rivers and 
creeks. 
 
Ca. latirostris occurs commonly in the tidal creeks and rivers, from their estuaries to the 
upstream FW where they nest (Moulton and Melo, pers. obs.). The study was carried out in 
the field in May 1992, mostly in the estuary of the Rio Jacareu and its tributaries; this is an 
extensive saline waterway lined with a dense mangal, whose only FW input comes from 
small streams. The pattern of surface salinities within the estuary was determined during 
day time reconnaissance trips to the study areas by boat, using a temperature-compensated 
optical salinometer (Reichert-Jung Model 10423) and was confirmed by spot checks from 
time to time during the study period. Over seven consecutive nights, 18 Ca. latirostris, 4 of 
them female, were captured; they ranged in size from 320g to 15.2kg. Two small 
individuals (no. 1 and no. 11) were captured upstream in the FW of Rio Pereque. Another: 
two (no. 12 and no. 13) had been captured (also from FW in the Rio Pereque) some months 
previously. 
 
The total number of individuals sampled was comparatively small, although the number 
captured was a high proportion (73%) of the total number of individuals seen in the area 
during the study period. We have interpreted the results cautiously in the light of the small 
numbers. Fortunately, the overall consistency of the data suggests a larger sample size 
would not have altered our principal conclusions markedly. 
 
Collection and sampling techniques 
 
Animals were located from the boat, using a spotlight. They were usually very close to the 
shoreline and often in very shallow water among mangrove roots. Their response to our 
approach was usually to submerge gently and lie on the bottom with their eyes closed, so it 
was a comparatively simple matter to either dive onto them from the boat, gripping them 
around the neck with both hands or, in water too shallow for the boat, to wade quietly 
through the deep mud and pounce on them. The largest individual was captured using a 
noose. Capture sites were noted carefully, so that individuals could be returned there later, 
and water salinity was measured at the site. Caiman were transported in individual sacks to a 
makeshift laboratory in the settlement at the north-east end of the island. 
 
Stomach contents were removed by flushing (Taylor, 1979) to determine what they had 
been eating. Caiman from Rio Jacareu were released at their capture sites during the daytime, 
2-3 days later. These animals were marked with a number on the skull platform before 
release (using typists' white-out) to avoid recapturing the same individuals and in the hope of 
gaining movement data in the event of any re-sightings. The small animals from the Pereque 
were kept during captivity in tubs of FW for some simple experiments (see below). They 
were released at the end of the study period. 
 
 
 
 
 
Fig. 1 Map showing the study site and location. Salinity of the surface water (ppt) is indicated in the legend, 
as are caiman capture (and release) sites and sites at which caiman were sighted but not captured 
The day after capture, each caiman was weighed and snout-vent length (SVL) measured, a blood sample 
taken from the cervical sinus or by cardiac puncture, and a sample of cloacal urine taken by inserting a fire-
polished glass tube into the cloaca so that urine could drain to a collecting tube. 
 
Plasma was separated using a hand centrifuge.  Osmotic concentrations of plasma and urine 
were determined immediately, using a Knauer SemiMicro osmometer . Urine and plasma 
samples were returned frozen to the University of Queensland for further analysis. Sodium 
and potassium were analysed with a Corning 435 flame photometer, chloride by coulometric 
titration on a Radiometer CMT10 Chloridometer, and urea nitrogen using a colorimetric test 
kit (Sigma Chemicals). 
 
Note that caiman no. 18 was sampled at capture, so the urine sample did not reflect the 
passage of some hours in captivity. Cloacal modification of ureteral urine is common in 
crocodiles and alligators (Taplin 1988; Pidcock, Taplin and Grigg 1997; Grigg personal 
observation) so data from this animal were excluded from analyses of trends in urine 
composition against salinity. Plasma data from no. 18 were included in analyses, as past 
experience with other crocodilians shows they are unlikely to have been influenced 
significantly by the difference in treatment (Taplin and Grigg, personal observation). 
The plasma osmotic concentration value for caiman no. 1 was a statistically significant 
outlier in relationships between osmotic concentration and plasma electrolyte concentrations 
(Na, K, Cl) and thus was rejected. 
 
Evaporative water loss 
 
We measured EWL in two caiman, weighing 437g and 468g respectively, by placing 
each into a chamber made from two plastic bottles; one was cut off at the top and the other at 
the bottom, then they, were joined end to end using duct tape. The head of the caiman 
protruded through a 2 cm hole cut in a diaphragm made from a rubber glove and taped over 
the aperture. Humidity within each chamber was measured using a sensor probe (Solus 
Systems, Lake Oswego) inserted through the neck of the bottle at the other end and collected 
to a data logger. In each run, one caiman (experimental) was placed in a chamber with a pack 
of silica gel to reduce humidity to 29-37% in the first run and to 17% in the second; a second 
(control) was placed in a chamber with unaltered humidity (81-90%). Temperatures 
throughout both runs were 25-29 °C. Each caiman was drained of urine before a run, the 
cloaca sealed with superglue and a rubber patch to prevent further urination, and weighed. At 
the end of each run (7 h and 6 h respectively), animals were again drained of urine and 
weighed. 
 
Short-term response to SW exposure and drinking behaviour 
 
To measure short term changes in body weight (BW) and plasma composition in response 
to seawater exposure, three of the six small caiman were chosen at random and exposed to 33 
ppt SW in a tub. Three others were held as controls in FW in an identical tub. Weights 
(voided of urine) and plasma samples were taken at the outset and the animals weighed daily. 
At the 72 h weighing, plasma samples were taken again and the treatment animals returned to 
FW. Final plasma samples and weights were taken at the end of the experiment, 12-17 h later. 
The scope of these experiments was limited by the few small caiman available and the short 
time (10 days) we were on the island. 
 
Net water loss in SW was estimated by attributing the difference in weight loss between 
SW and FW exposed groups to excess water loss in SW. The surface area of caiman was 
estimated using the formula of Dunson (1982): Surface area (cm 2) = 11.47 - BW (100 g)-
0637. 
 
Examination for salt glands 
 
Evidence of lingual salt glands was sought visually and by injection of methacholine 
chloride (Taplin and Grigg 1981) in six caiman from salinities of 0-23 ppt and ranging in size 
from 0.3-15 kg. 
 
Statistical analyses 
 
Condition factor (CF) was calculated using the regression of ln(BW) on ln(SVL) as 
described by Taplin (1988). Because small caiman were found in low salinities and larger 
ones in higher salinities, there was partial confounding of salinity with SVL and BW. To test 
whether caiman from low salinity water differed in CF from those in higher salinities, the CF 
equation was calculated for the high salinity subgroup only. The SVL:BW relation is given 
by the equation BW (kg) = 9.81 x 10-9 - SVL (mm)3.18. Condition factors were then 
calculated for all caiman using the equation CF = [BW(g) - SVL (mm)-3.18] 109. Differences 
in CF between high and low salinity groups were then tested by the Mann-Whitney U-test. 
 
The effects of salinity and size on plasma composition (osmotic concentration, Na, K, and 
Cl concentrations) were tested by both multiple regression analysis and MANCOVA (using 
log-transformed BW as the covariate and salinity as a fixed factor [one group comprising the 
four caiman caught in salinities of < 5 ppt and the other group the ten caiman from higher 
salinities - no plasma electrolyte values were available for one animal]). 
 
Data on percentage changes in BW and plasma osmotic concentration were analysed by 
repeated measures ANOVA, combined with specific tests of the relevant treatment and 
interaction effects. Group variances were tested for homogeneity. 
Values are presented as sample means and standard errors. Ranges are also quoted where 
sample sizes were small. 
 
Results 
 
Pattern of distribution in relation to salinity 
 
Many of the caiman captured were in salinities hyperosmotic to crocodilian body 
fluids. Small caiman, under 1 kg BW, were found only in the upstream sections of the Rio 
Pereque in salinities of 0-3 ppt. The other 12 caiman weighed more than 2 kg and were 
captured in the estuary of the Rio Jacareu and its tributaries (Fig. 1) at salinities of 6.5-24 
ppt. Eight of them were in salinities of 15 ppt or higher. 
 
BW and condition factors 
 
No evidence was found that small caiman from low salinity waters differed in CF from 
larger caiman in more saline waters. Mean CF for 4 wild-caught caiman from near FW was 
9.6 ± 0.27 (range: 9.1-10.2) compared to 10.1 ± 0.18 (range: 9.3-11.2) for 11 caiman from 
higher salinities. The difference was not significant (Mann-Whitney U-test; P - 0.15), nor 
was there any evidence of a systematic trend in CF with salinity. 
 
Two caiman captured some months earlier and held in FW before sampling had 
significantly higher CF, 11.3 and 12.4 respectively, than the others (P < 0.002). Although 
the sample size is small, the data suggest these animals were in substantially better 
condition. Data from these two were considered separately. 
 
Plasma homeostasis over the range of salinities 
 
Plasma homeostasis in wild-caught caiman was striking (Fig. 2). Salinity and body 
size had no demonstrable effect on any of the plasma variables measured. There was a very 
slight, but statistically insignificant, trend to higher plasma osmotic concentration of sodium 
and chloride at higher salinities and no trend in potassium or urea: Mean plasma osmotic 
concentration was 293 ± 2.8 mOsm kg 1 (n= 15). Mean values for the measured osmolytes 
were: sodium 147 ± 1.4 mOsm kg-1(n = 14), potassium 2.9 ± 0.11 mmol 1-1(n = 14), chloride 
103 ± 1.2 mmol 1-1 (n = 13), and urea 0.65 ± 0.129 mmol 1-1 (n = 15). Measured osmolytes 
accounted for some 87% of the total osmotic concentration of the plasma. 
 
 
 
Fig: 2 Plasma osmolarity (circle), sodium (square), potassium (cross), chloride (triangle) and urea (diamond) 
of wild-caught Caiman latirostris, plotted against salinity at their capture sites. Trend lines are linear least-
squares regression lines 
 
Pattern of urine composition over the range of salinities 
 
Urinary osmotic concentrations were hypo-osmotic to, but often approached plasma 
osmotic concentration (Fig. 3). Osmolar urine/plasma (U/P) ratio ranged from 0.79-1.00 in 
wild-caught caiman. It was lowest in the two caiman from the lowest salinities (0.79 and 0.83 
respectively); in those from, salinities of 3-22 ppt, it showed no trend with salinity and ranged 
from 0.88-1.00. Values for the two individuals kept in captivity in FW were conspicuously 
lower (0.19 and 0.29). 
 
Urinary osmotic concentration was correlated positively with urinary sodium (r = 0.80, P 
< 0.001) and chloride (r = 0.79, P < 0.001) and negatively with urinary urea (r = -0.67, 0.01 < 
P < 0.05). Urinary sodium and chloride levels ranged from close to 0 mmol 1-1 in small 
caiman from FW to over 100 mmol  1-1 in some from saline water. Urinary urea was low, 
ranging from 0.3-5.2 mmol 1-1. 
 
Urinary potassium was low at less than 3 mmol 1-1 in 12 of the 15 caiman sampled. The 
remaining three, from salinities of 23, 9.5 and 1.5 ppt respectively, had levels of 8.2, 4.4 and 
15 mmol 1-1 respectively. Mean urinary potassium was 3.3 ± 1.03 mmol 1-1 (n = 15) and was 
not significantly correlated with urinary osmotic concentration, Na or CI levels, nor with 
salinity. 
 
Multiple linear regression analysis indicated urinary osmotic concentration was 
approximately linearly related to the sum of Na and Cl concentrations in the urine, according 
to the equation: urinary osmotic concentration (mOsm kg-1) = 229 ± 0.26 (urinary Na + Cl) 
(mmol 1-1). The correlation was statistically significant (P < 0.001, adjusted r2 = 0.66). Thus, 
an increase of 100 mmol 1-1 in urine Na and CI resulted in osmotic concentration increasing 
by only 26 mOsm kg-1. Clearly, some other (unassayed) component of the urine (most likely 
ammonium bicarbonate) declines as NaCI excretion increases. 
 
Urinary urea was very low and essentially constant across the salinity range (Figure 3), 
and showed no correlation with urinary Na and CI (or their sum). 
 
 
Fig: 3 Osmolarity of plasma (open circle) and osmolarity (closed circle), sodium (square), potassium (cross), 
chloride (triangle) and urea (diamond) of cloacal urine from wild-caught Caiman latirostris, plotted against 
salinity at their capture sites. Trend lines are distance weighted least squares regression lines 
 
Absence of lingual salt glands 
 
Visual inspection revealed no sign of lingual salt glands. There was no marked evidence 
of a secretory response from any lingual glands after injection of methacholine. The 
maximum secretion rate for Na after methacholine injection averaged 4.6 ± 1.12 mmol  100 
g-0.7 h-1 (Range: 1.7-9.0). The variation in secretion rate could not be linked directly to either 
body size or salinity at the capture site, but this may reflect only the small sample size (six 
animals) and the wide variation in size/salinity characteristics. Secretions were too low in 
volume to be reliably sampled for electrolyte concentrations. 
 
No sign was seen of substantial secretions from any other source, either spontaneous or 
following methacholine treatment. A small volume of tears collected from one caiman had 
Na concentration of 159 mmol 1-1, typical of plasma levels. 
 
Response to exposure to SW and drinking behaviour 
 
Weight loss in individuals exposed experimentally to fresh or seawater was essentially 
linear over time during the initial 72h exposure. Caiman in SW lost significantly more 
weight than FW controls (Table 1a), mean BW falling to 94.2% of its initial value in SW 
compared to 98.1% in FW (0.02 < P < 0.05; ANOVA). Net water loss in SW was high, 
1.33% per day, or 0.20μl 100 cm-2 h-1 mOsm -1. After transfer to FW, caiman exposed to SW 
regained their original weight within hours, mean weight recovering to 99.8% of initial BW 
(Table 1a). Unsurprisingly, the weight gain over the 12-17 h period was statistically 
significant (P < 0.005). The rapidity of the weight gain and the contrast with the FW 
controls, which continued to lose weight slowly, show clearly that caiman dehydrate rapidly 
in SW and must avoid or minimise drinking SW but drink FW copiously when dehydrated. 
 
Plasma osmotic concentration showed complementary, but somewhat more marked, 
changes (Table 1b). Mean osmotic concentration increased by 13% (4.4% day-1) in SW (P < 
0.005) while remaining static in FW controls. Over the 12-17 hours after transfer to FW, 
mean osmotic concentration in SW exposed crocodiles recovered to its initial level. Mean 
osmotic concentration in the controls did not vary significantly from the initial values at any 
time during the experiment. The overall consistency of the results across treatments and 
between animals suggests the outcome is robust despite the small sample size. 
 
Table 1 Changes in (a) body weight (BW) (expressed as a percentage of initial BW) and (b) plasma 
osmotic concentration in caiman exposed for 72 to either freshwater (FW) or saltwater (SW) and then 
transferred to FW for 17-24 h. Data are quoted as mean ± SE with ranges in parentheses 
 
 Pre-transfer Post-transfer Significance n
FW 98.1 ±0.61 (97.1-99.2) 
97.4 ± 0.81 
(95.9-98.7) NS 3
SW 94.2 ± 0.98 (92.8-96.1) 
99.8 ± 0.45 
(99.3-100.7) P < 0.005 3
a 
Significance 0.02 < P < 0.05 0.05 < P < 0.10   
FW 99.9 ± 1.36 (97.9-102.5) 
101.1 ± 2.70 
(97.6-106.4) NS 3
SW 112.9 ± 1.81 (109.4-115.5) 
100.9± 2.48 
(96.5-105.1) P<0.005 3
b 
Significance P < 0.005 NS  
 
 
Evaporative water loss 
We measured EWL values of 890 μg g-1 h-1 in caiman no, 1 at 17% relative humidity 
and 327 μg g 1 h-1 in caiman no. 13 at ca 35% relative humidity. Time precluded collecting 
data from additional individuals. 
 
Distances moved in the field 
 
Caiman no. 2 was released at its capture point at the mouth of the Rio Cardoso and re-
sighted 3 days later 600 m upstream. Caiman no. 3, captured and later released in the Rio 
Cardoso was re-sighted 2 days later in the Rio da Rosca, a distance of approximately 1.5 km 
by river or 600 m overland (Fig. 1). 
 
Diet 
 
The stomach contents consisted predominantly of crustacean fragments, many 
identifiable as small crabs of the type we saw commonly in the mangal. 
 
Discussion 
 
Ca. latirostris maintains a striking plasma homeostasis while inhabiting the estuary, 
despite being found in salinities not tolerated by A. mississippiensis in captivity (Lauren 
1985) and having a diet of crabs rich in sodium, potassium and chloride. The possibility that 
Ca. latirostris could be tolerating short or long-term exposure to SW by accumulating 
osmolytes, as seen in the urea retention of estuarine turtles Malaclemys terrapin (Dunson 
1970); can be rejected (Figs. 2 and 3). The plasma composition is unremarkable and the 
average values for osmotic concentration and all of the ions analysed are well within the 
range of values measured in other crocodilians (see Taplin 1988). The condition factor data 
reinforce the view that these crocodiles were tolerating saline exposure well. 
 
The urinary response of Ca. latirostris to SW exposure is very similar to that seen in A. 
mississippiensis exposed to hypo-osmotic water. Pidcock et al. (1997) exposed Alligator to 
FW and 7 ppt salt water and measured, inter alia, ureteral and cloacal urine electrolytes: the 
alligators urinary Na and Cl levels rose markedly from 10 and 17 mmol 1-1 respectively in 
FW to 88 and 76 mmol 1-1 in SW. Urinary K, on the other hand, changed little, from 5.3 
mmol 1-1 in FW to 2.7 mmol 1-1 in 7 ppt SW. The direction and magnitude of these 
differences are very similar to those of Ca. latirostris in this study. 
 
Importantly, Pidcock et al. (1997) demonstrated that this renal:cloacal response to salt 
loading in Alligator, which lacks lingual salt glands, is very different from that in C. porosus, 
which has lingual salt glands that are important in NaCl excretion. Na and Cl in cloacal urine 
rarely rise above 10 mmol 1-1 in C. porosus in even the highest salinities, while urinary K is 
frequently well over 50 mmol 1-I. The authors demonstrated that the cloacal complex of C. 
porosus is highly active in modifying ureteral urine during its storage in the cloaca, especially 
in reducing urinary NaCI from high levels in the ureteral urine and increasing urinary K, 
possibly through some direct exchange across the cloacal epithelium. The cloaca of Alligator, 
on the other hand, has little evident influence on the composition of excreted urine. Pidcock 
et al. (1997) linked these marked differences in renal:cloacal function to the lingual salt 
glands of C. porosus which are the primary route for excretion of NaCl but appear to have no 
active role in K excretion (Taplin 1985). 
 
The plasma and urinary data suggest strongly that Ca. latirostris is very similar to A. 
mississippiensis but different from C. porosus, in its response to saline exposure. This 
reinforces direct evidence that Ca. latirostris, like A. mississippiensis, lacks salt glands. 
Firstly, the tongue was typical of what we have come to expect in Alligatoridae, bearing a 
striking resemblance to that of Ca. crocodilus, with no sign of the conspicuous pores typical 
of Crocodylidae (Taplin et- al. 1982). Secondly, injections with methacholine produced very 
low quantities of secretion at rates similar to those in A. mississippiensis (Taplin 1988). 
 
One possible difference between Ca. latirostris and A. mississippiensis lies in their 
integumentary permeability to water. While EWL comparisons are fraught with difficulty 
because of differing experimental regimes, the values we measured were almost an order of 
magnitude lower than those measured in the alligatorids A. mississippiensis and Ca. 
crocodilus but comparable to measurements in the American and Nile crocodiles, C. acutus 
and C. niloticus (see Table 3 in Taplin 1988). In contrast, net water loss of caiman in SW was 
high at 0.20 [1 - 100 cm-2 h-1 mOsm-1, when compared with values of 0.08 in Ca. crocodilus 
held in artificial SW (Bentley and Schmidt-Nielsen, 1965) and 0.014 in C. porosus in SW 
(Taplin, 1988). These estimates based on differential weight loss in fasted animals held in 
SW and FW, are likely to be more reliable comparative indicators of integumental 
permeability to water than the EWL measurements. The EWL measurements would bear 
repeating under more controllable conditions and with air flow through the chambers to better 
match conditions in other experiments. 
 
Changes in plasma osmotic concentration (Table 1b) suggest that weight loss in SW is 
highly attributable to water loss and that it is having a significant osmoregulatory impact. 
Plasma osmotic concentration showed a disproportionately large shift of 4.4% day-1 in SW 
while remaining static in FW controls; in SW-exposed caiman it reached values of up to 324 
mOsm kg -1 in 72 h. Values of ca 400 mOsm kg -1 on dehydration in SW have been associated 
with renal failure and death in the `FW' crocodilian C. johnstoni and debilitation in C. 
porosus (Taplin personal observation). It would seem that small, fasted Ca. latirostris would 
be likely to survive only days in SW without relief in the form of access to FW or freewater 
derived from foodstuffs. Existing data on crocodilian salt and water balance budgets provide 
no support for the view that behavioural osmoregulation through selective feeding on low 
salt-load prey is a viable osmoregulatory strategy (Taplin 1985, 1988). 
 
The results are of particular interest in light of recent speculations about the role of 
crocodilian osmoregulation in the evolution and zoogeography of eusuchian crocodilians 
(Taplin et al. 1985; Taplin and Grigg 1989; Pidcock et al. 1997). The authors have postulated 
that the true crocodiles (Crocodylidae) differ quite fundamentally from the alligatorids 
(Alligatoridae) in the structure and function of their osmoregulatory systems and their 
capacity to colonise or migrate through estuarine and marine habitats. This study reinforces 
this hypothesis to a modest extent, by confirming that one well-documented `estuarine' 
alligatorid almost certainly does not employ the linked functions of lingual salt glands and 
cloacal modification of urine to survive in saline habitats. How then does Ca. latirostris 
tolerate saline waters? 
 
We think that ready access by caiman to sources of hypo-osmotic or FW in the estuary 
may be the principal mechanism, combined with some capacity of the renal:cloacal system 
to excrete NaCl at modest concentrations, hence reduce the impact of salt loading through 
integumental uptake and ingestion: On the basis of the distances of at least 600m traveled 
in 2-3 days by the two individuals we re-sighted, every caiman we captured or saw was 
within easy reach of fresh water for drinking (Fig. 1). Subject to further testing of 
integumentary fluxes, we think it unlikely that Ca. latirostris has any of the more 
sophisticated mechanisms for electrolyte excretion and water conservation seen in C. 
porosus and likely present in other estuarine Crocodylidae. 
 
Size would be an important factor for reducing surface area:volume ratio, hence 
integumental exchange for Ca. latirostris. Consistent with this, we saw very small caiman 
only in FW or near-fresh water, with the sub-adults in the estuary. Breeding occurs in FW 
in upstream situations, and there are anecdotal accounts of breeding adults dominating FW 
pools. Absence of small individuals from the estuary could be explained by low rate of 
dispersal from the nest site or alternatively, to physiological constraints dictating visits to 
FW too frequently for them to take advantage of the food supply offered by the estuary. 
 
The situation experienced by Ca. latirostris is, perhaps, an echo of the sorts of selection 
pressures and situations which may have led to the ancestors of today's Crocodylus 
developing a whole suite of physiological and anatomical attributes seen in all members of 
the genus to some extent, but best developed in C. porosus. Certainly this study lends 
weight to the view that differences between the alligatorids and crocodylids are more deep-
seated than recognised previously. 
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